The electrification of transportation in Germany has failed so far, but the disappointment has given way to more radical visions and new coalitions. Utilities, grid operators, and ICT companies have started to challenge the traditional image of the car. In their future scenarios, transportation, energy, and communication infrastructures must be aligned in order to achieve a sustainable society. This paper explores the co-production and enactment of this technological vision using the analytical framework of sociotechnical imaginaries. First, I describe how the idea of the electric vehicle as energy infrastructure was able to take hold within the German expert community. To understand how this approach might transform the existing mobility and energy practices, I examine two of the first R&D experiments that have enacted this vision in two radically different ways. Both reflect unarticulated assumptions about social life, including implicit cultural notions of selfdetermination, ownership, living arrangements, privacy, and control.
Introduction
Germany's attempt to become the lead market and lead producer for electric vehicles (EVs) has failed so far, but the disappointment has given way to more radical technological visions and new actor-coalitions around them. In recent years, a new set of players has emerged, who had no previous involvement with the automobile industry. Some utilities, electrical grid operators, and ICT companies have started to challenge the traditional image of the car. These actors seek to create new markets and business models by envisioning a greater purpose for the EV altogether. In their future scenarios, transportation, energy, and communication infrastructures must be aligned in order to achieve the goal of a sustainable society. They argue that if EVs were fully integrated into a decentralized, digitally enhanced electrical grid, their mobile batteries could play a crucial role in increasing the share of energy sources that are as of yet susceptible to load fluctuation, such as wind and solar in a future electricity system. At the same time, the bidirectional vehicle-togrid (V2G) charging technology would benefit the electrification of transportation, as drivers could be offered financial incentives for making their cars available to the grid and thereby stabilizing loads.
The mutually beneficial convergence between transportation and electrical power systems has become an admittedly controversial part of the German energy transition (Energiewende) narrative. Although the actual deployment of vehicles has fallen behind the expected figures, this technological vision has gained popularity among industry experts, urban planners, and high-tech entrepreneurs alike. The actors involved not only propose novel technical arrangements. They depict a new desirable future, where sophisticated innovations benefit both the environment and the economy. Even though it remains unclear when EVs will turn a profit, the imagination around "the car of the future" has become more vibrant and contested. With technologies and new corporate alliances coming together, the traditional image of the automobile, its design, purpose, and meaning, is being challenged as well.
Based on an analysis of expert discourse, interviews, and ethnographic fieldwork, I describe how the vision of the EV as energy infrastructure was able to take hold within the German industry and policy community, in spite of the persistent doubts regarding its benefits and feasibility. However, looking at expert discourse and corporate promises alone illuminates only half of the picture. To understand how such a technological concept might transform the existing practices around mobility and energy consumption in the long run, I proceed to examine two of the first R&D experiments that have enacted the same vision in two radically different scenarios. Such a dual methodological approach means considering the imagined futures behind the innovation more explicitly and taking into account the cultural constitution of the energy transition beyond government programs and economic calculations.
Most of the recent literature on the electrification of transportation has focused on drivers, barriers, and obstacles of this transition from a co-evolutionary perspective (Geels 2012; Bakker and Trip 2013; Sierzchula et al. 2014 ), but has neglected the multiplicity of competing imagined futures of this technology. 1 This type of analysis calls for a theoretical framework that pays equal attention to the materiality, meaning, and morality of a technological vision. The notion of "sociotechnical imaginaries" (Jasanoff and Kim 2009, 2015) explicitly foregrounds this interplay between emerging technologies and cultural values. It has been securely established within science and technology studies (STS), but has not been widely adopted in the field of innovation studies yet. For this reason, this paper also aims to show how sociotechnical imaginaries provide a useful analytical resource for investigating into the formative but often implicit collective understandings about desirable mobility and energy futures.
Germany presents a perfect empirical case study with regard to both areas of social life and social order. Strong and contradictory currents of sociotechnical imagination run below the seemingly well-organized transition efforts: Germany's economy is, to a large degree, based on auto manufacturing and car culture has a strong grip on everyday life. At the same time, the country has a long-standing environmental movement and has rapidly increased its share of renewable energy sources within the past decades. Perhaps because German's industry, politics, and culture are almost inseparable from the dominant regime of automobility, the electric car has been struggling to gain ground. Probing into this field of tension can help to understand the cultural implications and possible trajectories of sociotechnical change.
Imagining and enacting future technology
Scholars interested in the social construction of technology have been continuously pointing out the productive ambiguity of societal "guiding visions" (Dierkes, Hoffman, and Marz 1996) or entrepreneurial "vanguard visions" (Hilgartner 2015) , also with regard to the automobile (Canzler 2008; Rammler 2008) . Technological visions imply certain roles for the parties involved and provide often heterogeneous coalitions with a shared understanding of chances and risks. Adding more nuance to this notion, Rammert (2002) further distinguishes between "visions of function and use" and "concepts of engineering and design." The more an innovation is characterized by an intricate "circle of uncertainties" (Rammert 2002, 176-78) , the greater the influence of relatively abstract visions becomes in the process of technological and organizational selection. A number of studies have looked more closely at the interplay between inventors and the expectations of their supporters such as policymakers, venture capitalists, and the general public (van Lente 1993; Borup et al. 2006; Konrad 2006) . They consider hopes, hypes, and promises to be cultural devices that mobilize "the future into the present" (Brown 2003, 5) .
Extending this notion to society at large, Jasanoff and Kim (2009 , 2013 have shown that visions and expectations tap into larger cultural currents that extend beyond specific technological regimes. Those often competing imaginaries not only influence the designs and inscriptions of novel artifacts but also constitute the identity of modern post-industrial societies, which are imbued with scientific knowledge and rely on pervasive large technical systems. Building on the work of Appadurai (2013) and others (Anderson [1983] 2006; Taylor 2004), Jasanoff defines sociotechnical imaginaries as "collectively held, institutionally stabilized, and publicly performed visions of desirable futures, animated by shared understandings of forms of social life and social order attainable through, and supportive of, advances in science and technology" (Jasanoff 2015, 4) . This definition shifts the emphasis from specific, deliberate sustainability transitions back to the question of how collective understandings of society shape technologyand vice-versa. Starting from this premise, my goal is to explore the less visible underpinnings of transitions "in the making" (Callon [1987 (Callon [ ] 2012 and highlight the variety of ways in which groups of actors assemble and stabilize a technology such as V2G outside the lab (Law 1994) .
Approach, data, and methodology I use the framework of sociotechnical imaginaries as a point of departure for my dual approach, focusing on both the discursive articulation of the technological vision within the expert community and the enactment of this vision in two concrete pilot projects. The data presented here stems from interviews, the collection of documents, and participant observation in Germany. The time period covered represents the most recent and still ongoing episode in the electrification of transportation from 2008 to 2015. More specifically, I have conducted continuous ethnographic fieldwork over the course of three years (between 2012 and 2015) , including more than 30 recorded interviews and behind-the-scenes conversations within the German EV community. The main results presented here are based on an extensive document analysis. My data include public speech transcripts, observations, artifacts, government reports, commercial materials, visual advertisements, and presentations at trade fairs.
During my fieldwork, I looked into various vehicle-grid application scenarios, prototypes, and public-private partnerships that have been proposed by companies across different sectors of industry, ranging from car manufacturers to utilities companies and IT firms, including established players as well as small start-ups. The two experimental R&D projects discussed in the second part of this paper have been selected from a variety of cases based on their degree of sophistication, maturity, and visibility. I used the technique of theoretical sampling (Draucker et al. 2007 ) to select two cases that were similar in the basic technology used (vehicle-to-grid/home), but diverged in their application scenarios. The two prototypes I describe are the "swarm battery" experiment conducted by Volkswagen and the utility LichtBlick and the "D.I.V.A." system marketed by the German start-up company e8energy.
For the analysis of my interview and document data, I employed the methodological toolkit of contemporary grounded theory (Corbin and Strauss 2008; Charmaz 2006 ) and sociological discourse analysis (Keller 2012) . I have paid close attention to rhetorical devices such as metaphors (Lakoff and Johnson 2003) , which turned out to be a particularly productive pathway into the imagined futures mobilized in engineering, policy discourse, and corporate marketing. In a recent turn, Clarke (2005) made grounded theory methodology more attune to the inquiry into technology and the sociomaterial relations resulting from it. Rethinking grounded theory in this way eliminates the epistemological barriers between the document analysis and participant observation (Clarke 2005, 58) . My dual approach to this case study builds on this key element. I consider my empirical account, at its core, to be a multi-sited ethnography (Hine 2007) of imagined futures while they are still unfolding. As I show in the following sections, such imagined futures are co-produced and sustained by various kinds of communications, practices of ordering, and the materiality of local technical systems.
Germany's shaky energy and transportation transitions
The transition toward a decarbonized society has been a complicated technical, economic, and political issue in many European countries. The German case provides a perfect example for this. While the government is currently lagging behind the EU goals 2 or meeting some of them with little effort due to the historic dismantling of ramshackle Eastern German industries (Fraunhofer ISI 2001, 7-11) , parts of the population has been concerned with wind and solar power wholeheartedly since the green energy citizen movement emerged in the early 1980s (Rucht and Roose 2001) . To some, the use of solar panels became a political statement against a nuclear and coal based energy system. In addition, hundreds of local energy cooperatives have been founded since then, some of which have become important players on the German electricity market (Schreuer and Weismeier-Sammer 2010) . In 2014, 27.8% of the energy produced came from renewable sources (BMWi 2015) . While the vast majority of the population supports the expansion of renewables, the German federal state has been muddling through the energy transition. For instance, all German nuclear power plants will gradually shut down by 2022, while fossil-fuel power stations are supposed to remain in a key position for satisfying minimum demand.
It has been argued, however, that the problem is not so much generating but transmitting, regulating, and storing electricity from renewable energy sources. Since the supply of wind and solar power is by its nature inconsistent in time and space, the growing share of renewables in the energy mix has already put unprecedented pressure on German grid operators and utilities to adapt to the new circumstances, according to a number of energy experts (Buchan 2012; Huenteler, Schmidt, and Kanie 2012) . The restructuring of the electrical grid has become a large-scale real-world experiment with a high degree of uncertainty (Gross and Mautz 2015) . Although many of the old players are resisting the current transformation, there is hardly any doubt that in the future electricity generation will be regionally dispersed and decentralized, most likely not aligned with electricity demand. For this reason, many utilities, grid operators, and policymakers argue that, besides the long-distance transmission, Germany's local storage capacity for surplus energy would supposedly become the long-run bottle neck for the increase of renewables in the higher double digits (RAP 2015) .
While the share of renewable energy sources has steadily increased over the past decades, the transportation sector is lagging behind significantly. In terms of overall emissions, road mobility is one of the few sources of CO 2 that has shown hardly any overall improvement toward a decarbonization (OECD/ITF 2015, 50) . In Germany, the share of renewable sources of energy in this area -biofuel and electricity -is languishing around 5% (BMWi 2015) . This might seem surprising, considering the effort that went into promoting "electric mobility" (Elektromobilität). In 2008, Germany set out to become a lead market, with 1 million plug-in electric cars rolling on the streets by 2020 and the lead producer within the international EV industry, investing 1.5 billion Euros to that end (Bundesregierung 2009; Acatech 2010) . The electrification of transportation has become a self-declared national priority (Bundesregierung 2011 ). This step was not taken solely for environmental reasons. The government was afraid German car manufacturers could lose their dominance on the world market, if they did not invest into the electrification of their next-generation vehicles (NPE 2010) . The high oil price in the mid2000s and international agreements on CO 2 emissions were drivers that pushed the EV back to the forefront of environmental and economic policy.
So far, the results have disappointed experts and policymakers alike. In 2014, the market share remained at a meager 0.4%. In an optimistic calculation, including plug-in hybrids, the government estimates 24,000 EVs on the roads (NPE 2014), a relatively low number, even in comparison to smaller countries such as the Netherlands and Norway. The actual consumer market penetration appears even more problematic, considering the fact that the majority of the EVs registered are part of corporate fleets or owned by car-sharing businesses. So far, as an innovation, in the sense of a widely diffused and accepted novelty (Rogers [1962] 1983), the electrification of transportation in Germany has failed and does not appear to be close to its tipping point, since consumers continue to regard EVs as far too expensive and limited in their capabilities.
A new imagined future for an old technology
In the following section, I argue that because of the current disappointment with the cumbersome deployment of EVs, new players with new visions of the electric car have been able to take the stage within the German expert community. For some engineers, policymakers, and urban planners, the solution to the stagnation of both the electrical grid and transportation lies in between the two sociotechnical systems. Local storage capacities for energy from renewable sources might in fact be the missing component in a modern energy infrastructure. Since EVs are large mobile batteries, proponents of this idea advocate the deployment of more sophisticated, bidirectional charging interfaces.
This approach is most often referred to as vehicle-to-grid (V2G). The basic R&D originated from a research group led by engineer and policy advisor Willett Kempton at the University of Delaware (Kempton et al. 2001; Sovacool and Hirsh 2009 ). Kempton argues that EVs could be integrated into a decentralized, ICT-based electrical smart grid to coordinate supply and demand. Through this kind of bidirectional, controlled charging, they could play a crucial role in increasing the share of renewables in the future energy mix (Loisel, Pasaoglu, and Thiel 2014) . Supporters claim that this would also raise consumer interest in electric cars. If drivers made their cars available to the utilities and grid operators, they would be compensated financially. This could lower the costs of ownership significantly, the argument goes. The technological vision of the EV as energy infrastructure has grown into a multi-sited phenomenon, independent from the developments in Delaware.
This vision has attracted a new set of players who had no previous involvement with the automobile industry or infrastructure. In Germany, the federal government brought utilities and energy technology companies such as E.ON and Siemens to the table early on as part of the National Electric Mobility Platform (BMU) in 2010. In the following years, the remaining three out of the "big four" utility companies Vattenfall, RWE, and EnBW joined the bandwagon. Although none of these corporations shifted their overall strategy toward sustainable energy systems, all of them launched pre-commercial R&D projects related to the next generation of EVs. In most of the interviews with utilities and electric power distributers, they doubt the benefit of V2G for the current energy system but see economic potential in future applications. They are not only in the position to provide the fuel for these vehicles but also to utilize them for additional functions such as frequency regulation and peak shaving, when the grid infrastructure becomes dominated by renewable sources.
Modernizing the electrical grid in the proposed way has sparked energy technology and ICT companies' interest in V2G business models. Siemens initially promoted EVs as the corner stone of their "city of the future" campaign, but dropped it in 2013 due to internal streamlining. However, as a technology analyst put it in an interview, "when Elon Musk gets serious with Tesla and Solar City, this is going to be the future and they [the German energy industry] cannot afford to let this [opportunity] pass by again" (interview at a EV conference in 2015). When looking at major conferences and promotional events over the past five years, it becomes apparent how much the discourse has shifted from cost and battery issues, to an imagined future inspired by Silicon Valley high-tech hopes. ICT companies are already invested in advanced driver assistance and communication systems for cars. From their perspective, EVs seem even more lucrative. EV drivers interacting with buildings and the electrical grid through charging interfaces represent an entirely new group of customers, who can be targeted with novel products and services. A few startup firms have already anticipated the possibilities for new business models within this emerging market. The big players in the ICT industry such as Google and Apple are about to follow. They are determined to not just provide computers for cars but rather to seamlessly integrate the vehicles into their soft-and hardware ecosystems.
After decades of incremental innovation and relatively static structures within the automotive industry, new conceptions of what the car's design and purpose can be have been proliferating. Influential authors and public speakers such as the self-declared "chief futurist" Lars Thomsen or former General Motors R&D executive Lawrence Burns have become powerful voices within the EV expert discourse. In his 2010 book Reinventing the Automobile (2010) Burns and other industry experts propose nothing less than to "transform the DNA" of the automobile and the electrical grid:
Because of the codependencies among automobiles, energy infrastructure, communications infrastructure, and governments, it will be necessary to align incentives, form coalitions of stakeholders, and build a broad consensus around a common vision of the future of personal urban mobility. This common vision must be constructed around a "system-of-systems" framework, with widely accepted standards enabling interfaces among systems, and the increase in value of a system for every user as it grows … motivating investment and powering rapid system growth. (Mitchell, Borroni-Bird, and Burns 2010, 7) This suggested coupling of formerly separate large sociotechnical systems is different from the general understanding that electric cars should be powered by "green" energy in order to make environmental sense. The idea is that carbon-free electricity and the electrification of transportation depend upon each other, in terms of a co-evolutionary advantage. Some corporate public relations publications have invoked the biological image of a "symbiosis" of energy and transportation infrastructures, which now can be found across a variety of German expert presentations and (online) trade journals. The metaphor reflects a grand technological vision, employed by some of the actors in the field, who are mainly entrepreneurial engineers, urban planners, futurists, a few start-ups, and future business divisions of technology corporations -most of which are not originally based in the car manufacturing or transportation industry.
Their vanguard vision of interconnected infrastructures has become an admittedly controversial part of the German energy transition narrative. Presently, the large-scale commercial deployment of the elements required for such a "system-of-systems" seems a long way off. There is little to see in the showrooms or the national media coverage. However, the abstract notion of a symbiosis between mobility, the electrical grid, and communication systems has become influential in parts of the German expert and policy community. As the German federal government's most recent report on the progress of EV deployment states emphatically in the very beginning: "Electric mobility is the global key to a climate friendly transformation of mobility and, in Germany, it is part of the transition toward renewable energy" (NPE 2014, 3) .
This imagined future has revitalized hopes and expectations in a time of general disappointment and bleak outlooks across the notorious "valley of death," which a pre-product has to survive before it becomes profitable or perishes (LeVine 2015). Regardless of the many known issues with V2G systems, 3 the German state as well as parts of the industry dedicated significant efforts and funds to marrying transportation and the electrical grid. An almost Wittgensteinian Gestalt switch has turned the perceived image of the electric car upside-down. EV technology had fallen into oblivion for more than a century (Anderson and Anderson 2010). Suddenly, a formerly seemingly inferior substitute for the internal combustion engine could be re-imagined as a high-tech hope for the overall transition into a more sustainable society and, from the perspective of the commercial challengers, a promising area with potentially enormous profits. For policymakers, the changed narrative resonates with the imaginary of a "green new deal," which promises Germany the chance to meet both environmental goals and economic ambitions.
Enacting the EV as energy infrastructure
The challengers in the electrification field seek to re-imagine the electrification of transportation through ICT-based vehicle-grid innovations. Their technological vision has become part of the EV policy narrative and -to some degree -of the sociotechnical imaginary of the German energy transition. However, analyzing expert discourse and corporate campaigns leaves the picture incomplete. As I argued above, it is equally important to observe the material and performative enactment of such technological visions. Hecht, among others (Felt 2015) , stresses the observation that ideas "do not grow by themselves." They "must be actively cultivated in order to persist." As a consequence, "articulating and rehearsing these ideas often reformulates them" (Hecht 2009, 12) . Once they have extended to real life application scenarios, novel technologies must align with existing material infrastructures as well as meaningful cultural narratives in order to succeed. Electricity and mobility have been separate domains based on different arrangements of materiality, practices, and politics for a long time. How will the proposed integration of EVs into the electrical grid effect mobility, its infrastructure, and the culture it is imbued with?
To understand how a technological vision might transform mobility and electricity consumption practices, I proceed to examine two German R&D experiments that have enacted the same vision in two radically different scenarios. I have deliberately chosen these two cases from a broad range of similar R&D projects based on their degree of sophistication, maturity, and visibility. Both cases build on bidirectional charging interfaces but diverge in their application scenarios. Each articulated scenario carries certain assumptions about the involved technologies, their purpose, and their prospective users. The R&D experiments I am about to describe tap into larger, pre-existing collective cultural currents. They convey shared understandings of forms of social life, which become institutionally stabilized through the repeated performing of desirable futures. As I want to demonstrate, both the discursive shifts within the expert community and the early-stage R&D projects can adhere to the same powerful technological idea. However, through the process of assembling and enacting it, this vision reveals its ambiguity, allowing actors and their networks to align with competing sociotechnical imaginaries.
The swarm scenario
The first R&D project I examine was carried out by Volkswagen and the utility LichtBlick between 2013 and 2015. LichtBlick is one of the biggest owners of solar and wind power plants in Germany. Both companies have shown great interest in EV storage solutions and smart grid applications. Together with notable partners from research institutes and energy technology companies, the joint venture developed a technical system that pools electric cars virtually into a "swarm battery" (Schwarmbatterie), a distributed storage system for renewable energy sources. The German federal government selected the test to be one of its "beacon projects" for electric mobility and subsidized it to the tune of 7 million euros.
In 2014, the Berlin-based pilot test took off. The consortium installed specialized charging stations at the homes and work places of 20 Volkswagen test drivers. According to the documentation, the most complicated problem was developing software capable of coordinating the process of charging and feeding electricity back into the electrical grid on demand. LichtBlick's engineers succeeded in creating an ICT platform, which they dubbed "swarm conductor" (SchwarmDirigent). In a smartphone application developed by Volkswagen, the drivers scheduled their trips. They could set a minimum charge they wanted to keep for spontaneous activities or emergencies. The EVs took part in the frequency regulation of the electrical grid when parked at home or at work. Depending on how much the grid operator utilized the vehicle's storage, it compensated the test driver financially (Volkswagen, April 16, 2014) . Shortly afterwards, LichtBlick extended the "swarm battery" business model to stationary batteries inside private, solar-powered homes.
This enactment of V2G blurs the notions of car drivers, users, consumers, and producers. Within the swarm scenario, drivers mostly become consumers of energy and users of ICT hard-and software. At the same time, they become temporary producers of storage capacity. The "prosumer" has emerged as a figure in recent debates on digital media (Ritzer and Jurgenson 2010) and energy infrastructure (Grijalva and Tariq 2011) . However, the question of whether or not the blurring of boundaries between consumer and producer has empowered the user or rather created new channels of control remains controversial (Comor 2011) . In this specific pilot project, the system of virtually connected and centrally managed batteries integrates EVs as well as stationary capacities into one higher order organism, as the biological metaphor of the "swarm" implies. Drivers are financially compensated for making their car's battery available for the grid. Within this arrangement, centrally managed charging, roaming, and billing become a crucial element of private transportation. At a certain point, if renewable energy were to become the main source of power, EVs would no longer be additional resources for the grid operator. They would turn into an indispensable element required to balance supply and demand of the electrical grid, which would then require a detailed real-time anticipation of mobility patterns in order to estimate and control the necessary storage capacities.
This may constitute certain tensions considering the deeply rooted culture that has built up around the car over the course of a century. Automobile culture sustains key discourses of what constitutes a good life. To many drivers, a car is not just a mundane means of transportation or a mobile battery. Since the beginning of the world's "love affair with the car" this often romanticized symbol of late-industrial modernity has been synonymous with autonomy, self-determination, and the privacy of the car's interior (Featherstone 2004) . The dominant sociotechnical imaginary of private transportation has inspired powerful artistic and literary expressions. From the novels of Scott Fitzgerald to the American road movie genre, it has provided symbols of what is necessary for the "citizenship of mobility" (Urry 2004, 26) .
The swarm metaphor suggests that there is no center that exercises control over its various agents. Only some kind of elusive "swarm intelligence" ensures the seamless interaction of otherwise independent agents in order to guarantee the functioning of the system. On the infrastructural level, however, the coordination of the individual batteries is managed through a commercial server, a centralized information hub upon which the entire network relies. The swarm conductor monitors every connected vehicle, home, and charging station. After all, distributed systems of supply and demand require "centers of calculation" (Latour 1986 ) that raise issues of ownership and control.
Even though the engineers assure that individual mobility is the number one priority of the project, the image and purpose of the car from the perspective of a utility and grid operator is different. The swarm scenario applies the logic of (electrical) grids and (communication) networks to the conventionally individualistic and private notion perpetuated by automobile culture. The car is no longer envisioned as an autonomous unit that equips its driver with the necessary horsepower to follow his or her passion and will. It is part of a complex, mostly invisible ecosystem of solar panels, smart chargers, local electrical distribution systems, and computer servers. The individual driver's image of a desirable car, or, rather, how car companies imagine their customers viewing their products is no longer the center of attention. What matters is the big picture, the transition toward a sustainable society, which is largely based on what and how utility companies and grid operators "see," similar to how Scott (1998) and Ferguson (2005) interpret the state's or an oil company's views of the world.
The autarky scenario
The second scenario directly appeals to the notion of autonomy, the ownership, and control over the pieces of both individual mobility and the electricity supply. The Hamburg-based start-up e8energy is currently marketing their prototype generation of individual vehicleto-home solutions. Their product name "D.I.V.A." stands for "Decentral. Intelligent. Versatile. Autarchic." The company equips the buyer's house with a charging connector, which can charge the battery as well as feed energy back into the system, similar to the technology used by the utility LichtBlick. Unlike the "swarm battery" arrangement, this system consists of most likely an ordinary installation of solar panels on the roof and a terminal to regulate and schedule the interaction between the building and the vehicle. Again, the software component is crucial. This time, however, it is mostly in the hands of the house owner, respectively the driver. The powerful image of the autarky scenario suggests that the user potentially frees himself or herself entirely from the providers of both electricity and gasoline.
The image of "going off the grid" gains more attraction the further the necessary technology develops and the more affordable it becomes. But, in fact, it is nothing new. The notion of developing energy systems for achieving social and political independence dates back to the early post-World War II years (Laird 2003) . In Germany, the pioneers of the environmental and countercultural movements championed this cause effectively in the early 1980s. They envisioned their homes and communities to be independent from the perceived economic greed and environmental ignorance of the nuclear and fossil-fuel industry. Although vehicle-to-home resonates with progressive environmental values, the autarky scenario also validates the conservative arrangement of private home and car. The traditional twentieth century imaginary of the middle class has often been identified with both suburban living and individual mobility. This combined sociotechnical arrangement reflects the ideal of economic, political, and cultural autonomy by means of private property.
Other R&D projects push the autarky scenario beyond the private household, while evading the grand vision of a large-scale system-of-systems. They have in mind the aggregated potential of larger organizational entities such as neighborhoods, small communities, and companies, or, more generally, the owners of premises where solar and wind energy generation can be combined with larger fleets of electric cars. This local "micro smart grid" approach would especially apply to dense, urban environments. Some application scenarios aim at shopping malls or commercial districts as potential clients for such micro-grid solutions. In that case, the owner of the premises rather than the driver might be the main beneficiary. A shopping mall visitor would give away control over his or her vehicle, while the parking lot operator can use it for various purposes, for example, balancing the building's electricity demand.
At this point, it becomes obvious that the two scenarios are poles in a space of possibility along at least two sociotechnical imaginaries and the field of tension in between. One I would refer to as the imaginary of seamless interconnectivity, synergy, and delegation to higher order systems. The second could be described as the imaginary of autonomy and self-determination in a world that has become increasingly shaped and governed by large technical systems. These rather utopian imaginaries show themselves in sometimes banal everyday life questions such as convenience versus control or ownership versus delegation. As the two described scenarios suggest, the envisioned "symbiosis" of mobility, energy, and communication technology can be enacted and materialized in assemblages of users, artifacts, and practices that ultimately head into different directions. Like with most innovations, there will be different groups of users who will prefer one over the other (Bijker, Hughes, and Pinch [1987] 2012). Some users might embrace a technically sophisticated, service-based model; other users could seek the small-scale, high-maintenance solution. Most likely, users will appropriate and modify any given infrastructure to suit their needs (Oudshoorn and Pinch 2003; Coutard and Guy 2007) . It is also safe to assume that user groups will base their choice on both financial incentives and beliefs such as environmental protection and privacy.
Symbiotic infrastructures and their discontents
Everyday life depends on infrastructures. The term, as I use it here, encompasses both the so-called hard infrastructure, the highways, gas stations, power lines, and transformers as well as its culture, politics, and power structures -ironically often referred to as the "soft" ones. In fact, both are inseparable, as STS scholarship keeps reminding engineers and sociologists alike (Hommels 2005; Rowland and Passoth 2015) . Infrastructures often turn into areas of contestation (Egyedi and Mehos 2012) . But most of the time, infrastructures and the technologies behind them tend to be invisible, ignored or poorly understood by the general public, until a breakdown draws attention to what has been silently in the background all the while (Graham 2010) . They are also operated by companies and experts who play their cards close to their chest (Graham and Marvin 2001) . The space in between infrastructural arrangements is neither unorganized nor free of technology. The two scenarios examined here indicate how differently the EV can be enacted as energy infrastructure, entailing contrasting notions of (distributed) agency (Rammert 2012) between human and non-human elements (Latour 2005) . They also invoke and enact diverging imaginaries of what constitutes a good life in a sustainable society based on renewable energy.
Both scenarios, even though they may seem antagonistic, imply and expect changes in user behavior within a technologically dense and highly networked environment. There is no surprise in saying that everyday life has become vastly more integrated into communication systems. Infrastructures such as the electrical power grid and road transportation have hardly moved in that direction or are just about to do so. The obvious reasons for this inertia are the extremely high costs of transformation, which reduce market incentives, if there is any competition allowed at all. Innovation studies offer explanations such as "lock-in effects" (Unruh 2000) and "path dependencies" (Garud and Karnøe 2001) of such infrastructures. Many scholars are now asking how this inertia can be overcome, how new sustainable pathways toward decarbonization can be created (Moulaert et al. 2007; Fuchs et al. 2012) .
The framework of sociotechnical imaginaries calls for a different set of questions. It draws attention to the cultural space in between large-scale systems that has been opened up through communication and information technologies (Herman, Hadlaw, and Swiss 2015) . How will the access to and the control of emergent interfaces between previously separate areas of energy consumption -electricity and mobility -be arranged? What happens when societies become more infrastructuralized, deeper entangled within symbiotic, "urban assemblages" (Farias and Bender 2010) ? Will more sophisticated buildings, grids, and cities create further backdoors for malicious attacks? Strong concerns have been raised regarding the information security and privacy of smart homes and appliances (Friedewald and Pohoryles 2013) . Hackers have successfully manipulated advanced driver assistance systems.
The increasing connectivity of infrastructural agents opens up new possibilities as well as discontents. Although the average driver might not have realized it yet, cars are about to turn into interconnected computers in the same way mobile phones did. These developments increase the technological density of everyday interactions within such arrangements as it requires ICT and other components that have become popular under the catch phrase "internet of things" (Gubbi et al. 2013) . Keeping up with complexity might mean allowing infrastructure operators and service providers to generate a surplus of control within these areas of life. From the engineering perspective, more control within a more dynamic system is the only reasonable path to pursue. The continuous monitoring, balancing, and re-channeling of electricity is what keeps the grid operating -and prevents blackouts. Losing control over a decentralized grid with many mobile variables could mean millions of people sitting in the dark. Driving, as a potentially "off the grid" activity, embodied in the somewhat naive image of automobile independence, becomes part of a larger, complicated network that exceeds the context of local experience and requires remote management. Agency has always been tied to material interrelations. Cars undoubtedly need roads, gas stations, and repair facilities. Meticulously regulated roads and highways have come to dominate urban and rural landscapes with hardly any place left out. Yet, refueling neither requires the permanent monitoring of the user's activities nor does it rely on internet-based software and centrally stored profiles in order to make it work. In that regard, the "swarm" and the "autarky" scenarios converge. Both produce sophisticated and technologically dense environments. The question does not seem to be whether or not grids and networks will shape a sustainable low-carbon "system-of-systems." It is, rather, how large, how open, how private, how accessible, and how resilient these networks are going to be. Most importantly: who will built, own, and operate them?
Conclusion
Both the electrification of transportation and the transformation of the energy infrastructure remain challenges to which there is no definite solution. In this article, instead of schematizing the enabling and impeding factors in these developments, I have focused on the multiplicity of competing imagined futures attached to a specific technological visionvehicle-to-grid -within the German transition context. Although the attempt to bring the electric car to Germany's roads has failed so far, the image of what the next generation of EVs could achieve has changed. A new set of players, such as grid operators, utilities, and ICT companies, has become interested in cars. In order to break away from the traditional imaginary around the car, these challengers as well as mobility experts and futurists have envisioned a greater purpose for the EV altogether in terms of a symbiosis of mobility, energy, and communication technology. They have shifted the focus of attention away from the individual driver's desires to the vehicle's larger role within the overall transition toward a sustainable society. In doing so, they infused new blood into the veins of the political "expectations life-cycle" (van Lente 1993) of the EV.
Looking at sales numbers or around the streets, one might not notice any disruptive changes. But from the pre-commercial niche, the electricity-and ICT-based actors are not only trying to seize the imaginative space of private transportation; they have, at the same time, mobilized plenty of capital, patents, and workers around these ideas and research sites. The integration of EVs in smart grid infrastructure has become a major concern in both governmental and corporate R&D funding. Dozens of state-subsidized public-private partnerships have been formed over the past few years. Such material enactments of the mostly discursive construction of the EV as energy infrastructure delineate possible trajectories toward a decarbonized, sustainable society as it is currently being discussed. Therefore, they provide a useful analytical opportunity for the in-depth exploration of specific transformation scenarios.
So far, little work has been done that describes the interaction between imaginaries as shared understandings of collective futures and the concrete ways in which actors coproduce and stabilize them in experimental settings outside the laboratory. I have demonstrated here how two exemplary enactments reflect unarticulated assumptions about the involved technologies, their purpose, and their prospective users. Both groups of actors tap into different pre-existing collective cultural currents. The variety of imagined futures reflects the plurality of contemporary societies. This plurality results not only from the diversity of values but from the co-existing layers of discourses, politics, and materiality as well. The question then becomes how groups of actors align with different poles of imagination. Sociotechnical imaginaries bring together historical, cultural, and cognitive components in ways that turn them into powerful forces. Not every vision becomes an imaginary.
Sociotechnical imaginaries convey collective understandings of forms of social life, including shared notions of self-determination, ownership, living arrangements, privacy, and control. These assemblages materialize through the performing of such desirable futures. In turn, the repeated enactment might change such notions in the long run. The introduced "swarm" and "autarky" scenarios can be viewed as competing enactments. Even though both R&D ventures adhere to the same technological vision of a symbiosis between sociotechnical systems, they tap into contrasting cultural currents. One invokes the image of seamless interconnectivity, synergy, and delegation to higher order systems. The other is associated with the notion of autonomy and self-determination in today's life that is imbued with technology.
From the perspective of the innovators, transportation might present another piece in the growing patchwork of what has been called "disruptive" or "converging" technologies. It has remained in a slumber for the past decades and is now about to wake up. The growing interconnectivity among previously separate infrastructures opens up new realms of possibility, while increasing the technological density of everyday interactions. From the perspective of electrical grids and communications networks, there is a need to generate new channels and strategies of control to keep up with the escalating complexity. Fundamental questions about a desirable collective future appear in issues that emerge around routine practices of mobility and energy consumption such as convenience versus control or ownership versus delegation.
Scholars and policy experts can facilitate a reflexive debate on these issues, but cannot predict how innovations will play out eventually, when companies and users appropriate them to their respective needs. Similarly, probing sociotechnical imaginaries empirically will not illuminate new pathways into sustainable futures. Instead, they bring attention to the co-dependence between concrete technological developments and the less tangible, but often competing cultural underpinnings with which actors can align or where tension might arise. Tracing the re-imagination of energy and mobility cultures remains a longterm goal for researchers as well as policymakers. The imaginaries that shape the seemingly "hard" and "soft" components within large sociotechnical systems always entail assumptions about people, their behavior, and what represents a desirable society at large. Looking at these assumptions and blind spots from an imaginaries perspective could help engineers, scholars, and policymakers to become more aware of them and open them up to debate.
2. Most scientists and international organizations agree that in order to mitigate climate change, extraordinary measures have to be taken to reduce CO 2 emissions (IEA 2009; IPCC 2015; OECD/ITF 2015) . In its Energy Roadmap 2050, the European Union presented ambitious climate goals. By the year 2050, it aims at a reduction by 80-95% in comparison to the levels registered in 1990. A decarbonization to this degree requires an estimated share of renewable energy sources in electricity consumption of nearly 97% (European Commission 2011, 12) . The report suggests drastic cuts in the transportation sector as well. In order to meet the suggested goal, at least 65% of traffic on the streets would to need be fueled by carbon-free energy (European Commission 2011, 6) . It has become self-evident among policymakers and also scholars that in order to achieve this vision, the highly resilient sociotechnical regime based on fossil fuels will have to be replaced by an economy and infrastructure that hinges on renewable energy sources such as wind, solar, and hydraulic power (Haas, Watson, and Eichhammer 2008; Rohracher 2008) . 3. The literature on "smart" vehicle-grid interactions is abundant and has been reviewed several times, concluding that the technology cannot keep up with its promise yet (Mullan et al. 2012; Habib, Kamran, and Rashid 2015; Liu et al. 2015) . V2G requires bidirectional battery charging, a technology that asks for its own plug features, software standards, and server systems that combine large numbers of EVs into distributed virtual networks of batteries. Critics object that this approach carries significant risks and costs, while providing little benefit for the grid (Srivastava, Annabathina, and Kamalasadan 2010) , not to mention for drivers. Batteries could degrade or fail, making V2G technically unreliable and economically unfeasible, so the counterargument goes.
